Laboratory and in situ velocity measurements have been made on six piston cores taken in the western North Atlantic Ocean. Sediments from the southwestern Bermuda Rise and Greater Antilles Outer Ridge are clays having velocities ranging mostly from 1500 to 1530 m/s and velocity gradients near 1 s -•. In cores from the Nares Abyssal Plain, the clayey sediments have comparable velocities, but interbedded silty turbidites exhibit much higher values (up to 1690 m/s). Velocity gradients are slightly higher in the abyssal-plain cores. After the laboratory measurements are corrected to in situ conditions, they show reasonable agreement in average velocity and velocity gradient with in situ measurements, although the in situ velocities average 10-12 m/s higher in the clayey cores and 15-20 m/s higher in the turbidites. This difference may be caused by reduction in the dynamic frame bulk modulus and/or the dynamic shear modulus due to visually undetected coring disturbance. The profilometer used to obtain the in situ measurements does not record the fine-scale variations in velocity that were measured in the laboratory, but it accurately determines average velocities and velocity gradient. Where cores were closely spaced (2-12 km apart), inter-core correlations in lithology, velocity, and bulk properties are possible. Fluctuations in the latter two parameters are very similar in position and magnitude from core to core, suggesting either that effects of coring disturbance are small or that they are uniform in a given kind of sedimentary bed. Inter-core comparison also shows that some beds are laterally discontinuous as a result of local (less than a few kilometers) patterns of seafloor erosion and deposition.
INTRODUCTION
Knowledge of the acoustic properties of the sea floor is important to the study of underwater propagation of sound. For a number of years the acoustic properties of sea-floor sediments have been determined primarily from seismic refraction and wide-angle reflection studies and from laboratory measurements of sound speed on samples recovered from the deep seafloor [e.g., Houtz and Ewing, 1963; Le Pichon et at., 1968; Hamilton, 1970a] . For samples measured in the laboratory, the in situ velocities are computed by correcting for pressure and temperature changes from in situ conditions. More recently, in situ measurements of sound velocity have been made in shallower-water surficial sediments by divers and fl:om research submersibles [Hamilton et at., 1970] .
Although these methods of determining acoustic properties of sediments are valuable, they do suffer several limitations. Seismic refraction and wide-angle reflection techniques are limited by uncertainties in the sound travel paths and velocity gradients as well as by the fact that they are averaged over a large volume of sediment. Us• of probes by divers or submersibles has been limited to shallow penetration in fairly shallow water. A major limitation in correcting laboratory velocities of core samples to in situ values is the unknown effect of sediment disturbance caused by the coring process.
For the past 3 years the acoustic properties of deep ocean sediments have been measured routinely in situ using the compressional-wave sound speed profilometer developed at the
Applied Research Laboratories of the University of Texas at
Austin (ARL/UT) [Shirley and Anderson, 1975] . This instrument, described briefly below, has transducers mounted in the nose cone of a piston corer, and it obtains a continuous Copyright ¸ 1979 by the American Geophysical Union. record of compressional wave velocity of the sediments as the corer penetrates the seafloor. The instrument presently can be used in water depths up to 6800 m, and the depth-in-sediment to which an in situ record is obtained is limited only by the penetration of the corer.
In 1976, we conducted a cooperative experiment aboard R/V Conrad in the western North Atlantic Ocean in order to compare in situ compressional-wave velocities obtained with the ARL/UT profilometer to values measured in the laboratory and corrected to in situ conditions. Six piston cores were obtained that had sets of velocity data obtained by both methods; a seventh core has only laboratory measurements of velocity. In addition, the cores were sampled for physical properties and this information was compared to the measured velocities.
The experimental results show that although differences do exist between the two sets of velocity data, disagreement is generally 1% or less between in situ and corrected laboratory values for the overall profile. The principal differences between the two kinds of measurements are in the detailed structure of the profile, while the gross features of the profile (i.e., sound speed ratio and gradient) are essentially the same. The in situ profiles made by the profilometer do not measure thin beds which are detected in laboratory measurements, although the latter method does not accurately measure the sound speed of layers thinner than the probe spacing. Details of other smallscale variations in the profile are somewhat different for the two techniques, and a variation of about 10 m/s about the mean is observed in laboratory measurements and a 5 m/s variation is observed for in situ profiles.
The results reported here are a subset of velocity and physical properties data which we have obtained from cores taken in the western North Atlantic; laboratory measurements of Paper number 8B0928.
0148-0227/79/008B-0928501.00 687 compressional wave velocity and physical properties also have been made on 38 other piston cores and six gravity cores from varied morphologic and acoustic provinces in the basin, and they will be reported separately. All measurements are part of a continuing program to chara•erize the seafloor sediments according to compressional waq• velocity, velocity gradient, bulk properties, and acoustic signature.
METHODS

Coring
Piston cores about 10-12 m long were taken using a standard Lamont-Doherty piston corer with the ARL/UT profilometer attached. Total weight of the corer was about 2000 lbs (907 kg) and free fall was 4.3 m. Diameter of the cores is 6.35 cm.
All cores were taken without liners and were extruded into trays after recovery. The cores were wrapped with an impermeable cover to prevent moisture loss and they normally were allowed to equilibrate with laboratory temperatures 2-4 hours before sampling.
A short trigger-weight gravity core was taken with each piston core. Lithology of this core was compared to the accompanying piston core to determine how much, if any, surficial sediment had been lost from the piston core.
,,IRL/ UT Profilorneter
The profilometer was deployed on the piston corer for use during routine coring operations (Figure 1) . The electronics package, battery power supply, and a cassette tape recorder are contained in a pressure housing tested to 10,000 psi. This housing was mounted on the core barrel just below the weight. 
Laboratory Velocimeter
The instrument used to measure compressional wave velocities in the laboratory consists of two probes 3 mm thick and 27 mm wide, rigidly fixed 5 cm apart, which are attached to a drill-press stand and inserted into the core. Each probe con- 
Physical Properties
Syringe samples of 8-10 cc volume were taken at the same location as the velocity measurements. They were capped, sealed with wax, and refrigerated until they could be analyzed for physical properties in the shore laboratory. Physical properties determined from these samples include wet bulk density, water content, porosity and impedance. Corrections for porewater salinity of 35%0 were made on all samples.
RESULTS
Of the seven cores discussed here, one was recovered from the southwestern Bermuda Rise, three from the western Greater Antilles Outer Ridge and, three from the western Nares Abyssal Plain (Table 1, Figure 2) . The three cores from the Greater Antilles Outer Ridge were taken within 2-4 km of one another in order to test the lateral uniformity of sedimentary layers and the representativeness of a given core, and to obtain intercore comparisons of acoustic and bulk properties. Similarly, the three cores from the Nares Abyssal Plain were taken within 2-12 km of one another. If this effect accounts for the observed differences it is likely that, while the frame bulk modulus and shear modulus may not be reduced to zero, they are lowered to some threshold value beyond which further distortion has little effect. This is suggested by velocities of several samples that were measured in an undisturbed and remolded state (Table 2) . Extensively remolded clayey samples from this short gravity core show no significant changes from 'undisturbed' samples in acoustic and bulk properties. The results of these and other measurements of velocity in clayey sediments also show that there is no significant velocity anisotropy which could account for the nose-cone velocities (measured parallel to the beds) being higher than the corrected laboratory velocities (measured perpendicular to the beds).
The velocity offset also could be caused by interstitial gas in the time core 20 was taken, these transducers also were causing excessive dropouts.
The profilometer measurements are very similar to those made earlier near the South American continental margin Anderson, 1974, 1975] . In many of those cores however, the high-speed layers were relatively thick so that they were measured by the profilometer system. In other instances data dropouts occurred, and in the absence of laboratory measarements for comparison, these were thought to be actual low-speed layers. The cores showed velocity gradients in dard sonobuoy recordings and they confirm the general accuracy of the profilometer and laboratory velocities. One interesting observation made possible by the core-tocore correlation of velocities, bulk properties and lithology is that lithologic intervals sometimes are missing or shortened in some cores. Because of the match of trigger-core to piston-core tops and because of the similar penetration history of the cores (Figures 4-8) , it is unlikely that the missing or shortened zones are an artifact of coring. In the outer ridge cores, intervals about 0.5-1.5 m locally are absent (Figure 9 ), and they probably result from differential deposition controlled by bottom currents [Tucholke, 1975] . Intervals a few cm to more than 3 m thick are missing in some of the cores from the Nares Abyssal Plain (Figure 10 ). In these cores the missing intervals probably reflect shifts in the depositional loci of distal turbidity currents, perhaps because of migration of dispersive channels.
Detailed analysis of the relationships between velocities and bulk properties of these and other cores will be reported in a separate paper, but some general observations are made here. As expected, the higher velocity terrigenous silt beds in cores RC19-20 and 21 from Nares Abyssal Plain (Figures 7 and 8) normally have greater bulk densities and lower porosities and water contents than adjacent clays. A similar correlation generally is observed for the more subtle velocity variations in clayey sediments of the Bermuda Rise and Greater Antilles Outer Ridge (Figures 3-6) . However, calcareous clays in all cores do not always show a distinct correlation with velocity. This may be due to grain-size variations in the calcareous fraction, which is composed of variable quantities of sand-and silt-size foraminifera, and fine-silt and clay-size nannoplankton and micritic calcite. Grain-size analyses have not yet been performed on these cores, but it is probable that mean grainsize exerts the strongest influence on velocity variations [Horn et al., 1968; Hamilton, 1970b] . The fact that there are significant downcore changes in the bulk properties and textural parameters supports the general validity of the velocity variations measured in the laboratory.
CONCLUSIONS
Comparison of in situ and laboratory measurements of sediment velocities in piston-core samples shows reasonable agreement for average velocities and velocity gradients, and the velocities are in the same range as those measured independently by near-bottom wide-angle reflection methods. In situ profilometer measurements consistently are 10-12 m/s faster than laboratory measurements corrected to in situ conditions for clayey sediments, and 15-20 m/s faster for turbidites. This may be caused by coring disturbance which reduces the dynamic frame bulk modulus (kr) of the sediment, the dynamic shear modulus (G), or both. Laboratory measurements of velocity in undisturbed and remolded clayey sediments indicate that if this concept is valid, then these parameters probably are reduced to some minimum threshold value and additional distortion has no further effect. The in situ profilometer is of value in accurately determining average sediment velocities and velocity gradient, but it does not adequately sample thin, higher velocity beds.
In three closely spaced (< 12 kin) piston cores from each of two distinct morphologic provinces, marker beds which can be traced from core to core exhibit similar velocities and bulk properties. Thus the properties determined on a single core sample probably can be used to predict the properties in a given province of uniform morphology and acoustic character. However, local depositional or possibly erosional patterns can result in lateral discontinuity of small lithologic intervals. Such lateral discontinuities might be mapped best by high-frequency profiling (3.5 and 12 kHz) from a surface ship, provided the zones are thick enough to resolve (> 1 m) and have detectable impedance contrasts.
